In studies at 5°C and pH 9.0, poliovirus 1 was inactivated about 15 times more rapidly by free chlorine (FC) in purified water in the presence of 1,262 mg of KCI per liter (-0.0169 M) than in the absence of KCI. In the presence of 526 mg of KCI per liter, the virus was inactivated about seven times more rapidly by FC than in the absence of KCI. At a level of 21 mg/liter, KCI did not significantly potentiate the virucidal activity of FC in purified water. Although poliovirus 1 was inactivated almost three times more rapidly by FC in borate-buffered purified water than in purified water, the presence of the buffer did not alter the extent of potentiation by KCI. Most of FC exists as 0C-at pH 9.0. Tap water has been shown to markedly potentiate the poliovirucidal effectiveness of FC at pH 9.0. For the same degree of virucidal potentiation of FC at this pH, a considerably greater quantity of KCI was required in purified water than the total salt content that appeared to be present in the tap water.
Large quantities of KC1 (0.05 to 0.1 M [3,728 to 7,456 mg/liter]) and certain other salts accelerate the rate at which hypochlorite ion (OC1-), the otherwise slow virucidal form of free chlorine (FC), destroys polioviruses. In the presence of such quantities of salts, OC1-appears to be 10 to 20 times more virucidal than hypochlorous acid (HOCI), the rapid virucidal form of FC (9, 12, 14, 15, 16, 18) . Because these salts are completely ionized in water, they exist as ions in that menstruum, and it is not clear whether cations or anions or both are responsible for the acceleration. The study reported herein shows that, at pH 9.0 (a pH at which most of the FC present exists as OCI-), small quantities of KCl also potentiate the virucidal activity of FC. Moreover, this study showed that, although boric acid-NaOH buffer also potentiates the virucidal activity of FC at pH 9.0, it does not do so in the presence of the potentiation produced by KC1.
MATERIALS AND METHODS Purified water. Purified (carbon-filtered, deionized) water was used in all of the test procedures. The purified water was obtained from a Super Q System (Millipore Corp.).
Chlorine-demand-free purified water. The preparation of chlorine-demand-free purified water followed Standard Methods (1). Purified water was made demand-free by chlorinating it to a free residual of S mg/liter and storing it for 3 days. The water was then dechlorinated by exposing it to UV light for several days. To make certain that no chlorine remained in the water, amperometric titrations were performed on it when chlorine was no longer demonstrable by the DPD test (1) . The demand-free dechlorinated water was stored until needed.
Boric acid-NaOH buffer. Boric acid buffer (0. (1) . The titrations were done on a total volume of 300 ml of each test fluid.
Virus. In all experiments, the virus used was a preparation of chlorine-demand-free poliovirus 1 (Mahoney LP, RKP42 of 10/7/69). Poliovirus assays were done in BGM cells (7) by the plaque technique (8) . Plaques were generally read 3, 4, and 7 days after cultures were inoculated.
RESULTS
Disinfection tests were done in chlorine-demand-free purified water or in chlorine-demand-free boric acid-NaOHbuffered purified water. In the test procedure, these test waters, in quantities of 1.5 (Fig. 3) .
Inactivation of poliovirus 1 in borate-buffered purified water, pH 9.0. In borate-buffered purified water at pH 9.0, (Fig. 4) .
In the same buffer, in the absence of KCl, 1 (Fig. 6) . DISCUSSION Van't Hoff plots (3) constructed from the data in Fig. 1 to  3 show that, in nonbuffered purified water at pH 9.0, FC inactivated poliovirus 1 about 15 times more rapidly in the presence of 1,262 mg of KCl per liter than in the absence of KCl. In the presence of 526 mg of KCl per liter, FC inactivated the virus about seven times more rapidly than in the absence of KCl (Fig. 7) . Van't Hoff plots constructed from the data in Fig. 4 to 6 show that, in borate-buffered purified water at pH 9.0, FC inactivated poliovirus 1 almost three times more rapidly in the presence of 1,262 mg of KCl per liter and almost two times more rapidly in the presence of 526 mg of KCI per liter than in the absence of KCl (Fig. 8) .
In the presence of 526 and 1,262 mg of KCl per liter, FC inactivated the poliovirus about as rapidly in nonbuffered purified water as in borate-buffered purified water ( Fig. 7 and  8) . But in the absence of KCI, FC inactivated the virus more than three times faster in the borate-buffered purified water than in the nonbuffered purified water (Fig. 7 and 8 Several variations occurred in the shapes of the survival curves that appear to have been independent of FC concentration, salt concentration, and test menstruum. There was, however, little variation in curve shape within each set of curves in each figure. Each figure represents a series of experiments conducted in closely contiguous time slots during a single day with the same freshly thawed virus stock. The entire study was done with a single virus stock that had been stored in 0.7-to 0.8-ml quantities at -70°C. Thus, the form of the curves may have derived from small variations in the way each sample of virus stock was thawed just prior to each set of experiments and probably represents the state of aggregation of the virions (2, 3) . In semilog plots, monodispersed virions give rise to straight-line inactivation curves (see, e.g., Fig. 2 ). When most of the virions are aggregated in small uniform clusters, curves with small shoulders result (see, e.g., Fig. 4 ). When the clusters are uniform but large, long shoulders result (see, e.g., Fig. 5 ). When many of the virions are monodispersed and the remainder occur in uniformly numbered aggregates, concave upward curves result (see, e.g., Fig. 3 ). The occurrence of small numbers of large clusters of virions produces tailing (see, e.g., Fig. 4) .
The mechanism by which ions potentiate the poliovirucidal effectiveness of the FCs is not yet known. Initially, the chloride ion was thought to be the potentiating entity (14; R. Kinman, personal communication). Kinman postulated that the Cl-might push back in the direction of Cl2 the equilibrium reaction that produces HOCl and Cl-by the hydrolysis of Cl2. Cl2 may be a faster virucide than HOCl. Kinman thought that the strong electron transport capability of Clmight also be a factor. It has been suggested also that a paired ion may form from a cation and OC1-and manifest much greater microbicidal activity than OCl- (11, 20) . It is also conceivable that the nonionized salts of OC1-are actually the virucides. Another scenario for potentiation suggests the neutralization on and perhaps within the virion of negative charges, which, unneutralized, would repel the negatively charged OC1-and prevent it from reaching a susceptible target site. A potentiation of poliovirucidal activity by FC occurs also in drinking water, presumedly induced by the salts present therein (4) . To the extent that FC concentrations can be reduced in waters that contain ions that potentiate the virucidal effectiveness of FC, the production of carcinogenic organic halides will be reduced (13, 17, 19) .
Ions alone may not account for all of the potentiation that we have seen in surface-water-derived chlorinated drinking water (4), if the quantity of K+ or Cl-needed to potentiate the virucidal activity of FC significantly at high pH (reported herein) reflects accurately the quantity of ions necessary to potentiate that virucidal activity significantly in drinking water. But we have not yet determined whether ions of the same valence may have significantly different potentiating capacities or whether multivalent ions may have greater potentiating capacities than monovalent ions.
The levels at which drinking waters are chlorinated may best be decided primarily by the rates at which the disinfecting chlorine compounds inactivate viruses in those drinking waters. Standards for disinfection currently exist for viruses and for Giardia cysts (10), but Giardia cysts require much more chlorination than viruses and can readily be removed by filtration. As yet, no disinfection standards have been proposed for Cryptosporidium cysts. These cysts are even more resistant to FC than Giardia cysts, but may be removable by filtration also. Thus, it may be possible to reduce chlorination levels of drinking waters, because of the potentiation of FC by ions normally present in those waters (4) , and thereby reduce the numbers of bladder cancers produced by the consumption of surface-derived chlorinated drinking waters (6) and the levels of many carcinogenic organic halides produced in drinking waters by chlorination (19) . ACKNOWLEDGMENT This work was supported in part by contract DAMD17-86-C-6213 with the U.S. Army.
